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GENERAL CONCLUSION 
 
While the authors drew certain negative (and not always well-founded, as explained below) 
conclusions about a maximum 3-5 percent effective impervious area (“EIA”) site design 
criterion, the results of the report’s analysis overall contribute to the growing consensus that 
implementing LID according to a numeric metric is technically feasible in both new 
development and redevelopment contexts.  The results thus buttress my findings in analyses 
performed earlier for San Diego and Ventura Counties and for the San Francisco Bay Area 
(Horner 2006; 2007a, b) and support the feasibility of meeting a 5% EIA standard in southern 
California.  However, the report’s suggestion that a “delta volume” standard be adopted would 
depart from standard and well-accepted practice in the United States, resulting in significantly 
greater volumes of stormwater with concomitant, significant increases in the mass volume of a 
range of pollutants in stormwater.   
 
 
CRITIQUE OF WATER QUALITY TREATMENT DESIGN BASIS 
 
The authors of Low Impact Development Metrics in Stormwater Permitting (“the report”) 
propose and employ in their case studies a quantity they term “excess stormwater runoff,” which 
forms the basis for their sizing and designing of low impact development (“LID”) facilities to 
treat stormwater runoff.  In footnote 21 on page 31, the authors have defined “excess stormwater 
runoff” as the volume of post-development runoff minus pre-development runoff for the 85th 
percentile storm event (or for an equivalent water quality design event).  However, using the 
differential volume (“delta volume”) between pre- and post-development conditions breaks the 
long-standing national and state precedent of using the full volume of stormwater discharged 
from the developed site as the basis for stormwater best management practices (“BMPs”) that 
store runoff for longer than a few minutes. 
 
The virtually universal adoption (see examples below) of the full water quality volume instead of 
the delta volume occurred for good reasons.  The total runoff volume from the 85th percentile 
event—the prevailing design standard in southern California—was determined through objective 
analysis to represent the point above which substantially diminishing returns in water quality 
improvement would accompany considerable size enlargement and, therefore, cost (Guo and 
Urbonas 1996).  The analysis identified the full volume generated by the 85th percentile event— 
not some lesser quantity like the delta volume—as the appropriate threshold at which the 
decrease in benefits accelerates. 
 
The use of a differential hydrologic measure that compares pre- and post-development states is 
common in the management of storm runoff quantity (i.e., hydromodification).  The pre- vs. 
post-development measure is appropriate in that situation because successfully matching pre- 
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and post-development hydrologic characteristics causes no modification in the hydrologic status 
of the receiving water and, hence, no negative physical effects.  When managing water quality, 
in contrast, any untreated volume (in the delta volume scenario, this would be the amount that 
originally flowed from the undeveloped land) would deliver to the receiving water the many 
pollutants characteristic of urban runoff.  There, these pollutants would create negative physical, 
chemical, and biological effects.  On the other hand, if the appropriate water quality volume is 
used (i.e., no less than the full volume of the 85th percentile event), the LID-based stormwater 
management BMPs should deliver no pollutants to the receiving water, since the retention and 
reuse or infiltration of that volume is practicable and achievable, as I have demonstrated 
separately by analyzing a range of development scenarios in southern California. 
 
The loss in treatment capacity from using the delta volume measure, and hence the loss in water 
quality protection, would vary depending on climatology and the characteristics of the 
undeveloped parcel and the developed site (type of pervious and impervious land cover, soil, 
slope, etc.).  In the Walnut Village and 60 California case studies presented in the report, the 
difference ranged from 15 to 20 percent and could be higher in different scenarios.  This 
difference is not small, considering that the National Stormwater Quality Database (Pitt, 
Maestre, and Morquecho 2004) shows that pollutants like solids, metals, nutrients, and bacteria 
are typically present in urban runoff at concentrations two to five times as high as in storm flow 
from undeveloped land.  Discharging the pre-development volume, contaminated by urban 
pollutants without any water quality treatment, would subject human users and aquatic life to 
substantial runoff quantities with pollutant mass loadings and potentially acutely toxic pollutant 
concentrations.  These loadings and concentrations would be increased by factors of 
approximately two to five, compared to the pre-development state, thus compromising the 
beneficial uses of the water body that existed before development.  It is essential for resource 
protection that the full post-development volume be retained onsite through infiltration, 
evapotranspiration, and/or harvesting for reuse. 
 
As pointed out above, adopting a volumetric basis for stormwater treatment design and then 
subjecting that full volume to onsite retention or treatment has been the rule in the United States.  
Jurisdictions take differing approaches to defining that volume, but, once it is set, they utilize the 
entire quantity as the basis for BMP design.  Common approaches include the storm percentile 
method: a storm event of selected frequency and duration is chosen, which correlates to a certain 
depth of precipitation spread over a watershed area.  In addition to southern California, Georgia 
provides an example of the first approach (http://www.georgiastormwater.com/vol2/1-3.pdf at 
1.3-1): 
 

Treat the runoff from 85% of the storms that occur in an average year.  For Georgia, this 
equates to providing water quality treatment for the runoff resulting from a rainfall depth 
of 1.2 inches. 

 
The state of Washington employs a second approach, actually in relation to a storm percentile 
analysis (http://www.ecy.wa.gov/pubs/0510029.pdf at 2-28): 
 

Water Quality Design Storm Volume: The volume of runoff predicted from a 24-hour 
storm with a 6-month return frequency (a.k.a., 6-month, 24-hour storm).  Wetpool 
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facilities are sized based upon the volume of runoff predicted through use of the Natural 
Resource Conservation Service curve number equations in Chapter 2 of Volume III, for 
the 6-month, 24-hour storm.  Alternatively, the 91st percentile, 24-hour runoff volume 
indicated by an approved continuous runoff model may be used. 

 
Numerous jurisdictions, such as Maine, use the precipitation depth approach  
(http://www.maine.gov/dep/blwq/docstand/stormwater/stormwaterbmps/vol3/chapter2.pdf at 2-
12): 

 
Stormwater management facilities must be designed to treat the first 1 inch of runoff ...  

 
Maryland (http://www.mde.state.md.us/assets/document/chapter2.pdf at 2.1): 
 

P= rainfall depth in inches and is equal to 1.0” in the Eastern Rainfall Zone and 0.9” in 
the Western Rainfall Zone ... 

 
Pennsylvania 
(http://www.depweb.state.pa.us/watershedmgmt/cwp/view.asp?a=1437&q=529063&watershedm
gmtNav=| at 3.3.4): 
 

• Stormwater facilities shall be sized to capture at least the first two inches (2”) of 
runoff from all contributing impervious surfaces.  

• At least the first one inch (1.0”) of runoff from new impervious surfaces shall be 
permanently removed from the runoff flow – i.e., it shall not be released into the 
surface Waters of this Commonwealth.  Removal options include reuse, evaporation, 
transpiration, and infiltration. 

 
and North Carolina 
(http://h2o.enr.state.nc.us/su/documents/BMPManual_WholeDocument_CoverRevisedDec2007.
pdf at 2-2): 
 

Non-coastal counties:  Control and treat the first 1.0” of rain.  (Note:  a more complex 
basis applies to coastal counties.) 

 
In none of these cases does the stormwater treatment design basis involve a delta volume 
computation such as advocated by the authors of the report. 
 
 
 
 
CRITIQUE OF CASE STUDIES 
Even though the report forthrightly demonstrates technical feasibility, it nonetheless takes a 
somewhat negative stance by overemphasizing difficulties and high costs, both of which are 
poorly justified.  The report, moreover, is devoid of estimates of the benefits that accrue from 
reducing the discharge of pollutants to receiving waters, recharging groundwater through 
infiltration, conserving water through harvesting and reuse, and decreasing hydromodification of 
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receiving waters.  I made such estimates in my previous reports, and these benefits are very 
significant.  For example, I concluded that (Horner 2007a): 
 

Draining impervious surfaces onto the loam soils typical of Ventura County, in 
connection with limiting directly connected impervious area to three percent of the site 
total area, should eliminate storm runoff from some development types and greatly 
reduce it from more highly impervious types.  Adding roof runoff elimination to the LID 
approach (by harvesting or directing it to downspout infiltration trenches) should 
eliminate runoff from all but mostly impervious developments.  Even in the development 
scenario involving the highest relative proportion of impervious surface, losses of rainfall 
capture for beneficial uses could be reduced from more than 85 to less than 40 percent, 
and pollutant mass loadings would fall by 83-95 percent from the untreated scenario 
when draining to pervious areas was supplemented with water harvesting. 

 
Failure to include a discussion of such important benefits inappropriately biases the report 
against feasible LID numeric performance standards such as an EIA limitation.  There is a 
somewhat grudging admission that LID based on an EIA limitation can be implemented, but this 
is countered with assertions that doing so will take some extra work and cost too much.  Both of 
these negative claims should not be given much weight for the reasons stated below.  
Furthermore, neglecting the aforementioned very real and important benefits of robust LID 
implementation omits the counterbalancing consideration that the aquatic environment will be 
better protected with an improved site design paradigm. 
 
Additionally, the report fails to take into account two aspects of LID that are at least relatively 
cost-neutral or, in many configurations, even cost-saving.  First, landscaping is a normal part of 
developed and redeveloped sites and can serve stormwater management purposes, as well as 
aesthetic purposes, with little or no extra cost.  Second, most LID practices primarily utilize soft 
infrastructure instead of more expensive hard infrastructure like extensive piping and concrete.  
While the cost analyses presented in the report were poorly detailed in the first place, as 
discussed in greater depth below, it appears that these financially mitigating factors were not 
even considered.   
 
Walnut Village 
 
The report’s presentation of the multi-family residential Walnut Village redevelopment project 
reflects the general criticisms noted above.  It demonstrates the technical feasibility of 
implementing LID practices according to an EIA limitation (in fact, the authors achieved an EIA 
of zero), stating, “this result ... illustrates that LID benefits can be achieved by both extensive 
implementation (i.e., routing of runoff to vegetated systems) and more intensive design of active 
landscaping (i.e., greater retention depth) where opportunities exist.” 
 
Nevertheless, the authors put a negative spin—unjustified, in my opinion—on this success.  In 
one negative passage the report declares, “the 14-17 inches of retention required to capture the 
delta 2-year volume is much less feasible, as it would require a combination of fairly deep 
amended soils and significant surface storage.”  I contend that providing 14-17 inches of storage 
in surface ponding and soil pores is entirely feasible.  For instance, 18 inches of amended soils 
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with 33 percent porosity would provide 6 inches of storage, which could be supplemented by 8-
11 inches of above-grounded temporarily ponded volume, a thoroughly feasible design.  
Elsewhere, the report characterizes decreasing EIA from 18 to 0 percent as “difficult,” although 
this decrease merely involves converting non-essential hardscape to landscaping.  The reader is 
left to wonder why any developer would choose to buy and install non-essential asphalt or 
concrete (almost certainly more expensive than LID landscaping) rather than constructing 
vegetated BMPs that would be an asset in more ways than one.  In my opinion, it is more 
“difficult” from fiscal and marketing perspectives to justify the use of pavement for no reason.  
In any case, whatever impression one has of this issue, from a technical, objective perspective, 
the report does not contain a reasonably complete and even-handed assessment of costs, 
significantly undercutting its claims of infeasibility.  Likewise, subjective and undefined 
assertions regarding the “difficulty” of meeting even relatively high volumes (such as the two-
year storm) are presented without supporting analysis or justification which, once again, limits 
the utility of the report.    
 
Further, with regard to landscaping, the final sentence in the case study states, “landscape plans 
typically include features that restrict usage of landscaping for runoff control (e.g., tree choice 
can limit inundation depths and duration), therefore, it is unreasonable to assume that all 
landscaping may be available.”  There is no reason why landscaping plans should be 
incompatible with vegetative LID practices, however.  Bioretention cells and similar LID 
features routinely include trees, which serve several important hydrologic roles (rainfall 
interception, advancing infiltration by opening conveyance pathways through soil, water storage 
in tissues, and transpiration).  It is no challenge for landscape designers to select trees that are not 
limited by moisture conditions in such BMPs. 
 
The Walnut Village site has hydrologic group B soils, to which the authors assigned an 
infiltration rate of 0.2 inch/hour, assuming that the soils would be “compacted”.  They thereby 
ignore a fundamental LID practice: guarding against the removal and compaction of soils outside 
the active building area during construction (Hinman 2005).  While infiltration rates vary 
depending on the specific soil type within a hydrologic soil group, B soils overall have rates 
much above the authors’ assumption; i.e., 0.5-1 inch/hour 
(http://www.vcstormwater.org/documents/workproducts/landuseguidelines/appC.pdf).  The 
National Resource Conservation Service (2007) observes that, “Soils that are deeper than 100 
centimeters [40 inches] to a water impermeable layer or water table are in Group B if the 
saturated hydraulic conductivity of all soil layers within 100 centimeters [40 inches] of 
the surface exceeds 4.0 micrometers per second (0.57 inches per hour) but is less than 10.0 
micrometers per second (1.42 inches per hour).”  It would be irresponsible building practice 
anywhere, and certainly in a development that is implementing LID practices, to permit such 
indiscriminant soil disturbance that across the landscape the infiltration rate is decreased to as 
little as 15 percent of its natural magnitude. 
 
The infiltration rate assumption has consequences for the analysis and the authors’ interpretation 
of their results.  While the report shows that adequate volume attenuation could be accomplished 
to meet the case study’s stated objectives, with the 0.2 inch/hour infiltration rate, active 
landscaping drain times could exceed the recommended 72-hour maximum and approach 83 
hours.  If the infiltration rate were just slightly higher at 0.3 inch/hour, though, drawdown would 
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occur 50 percent faster and easily lower the drain time beneath the maximum.  Avoiding the 
drastic diminution in hydraulic conductivity that the authors have assumed is eminently 
achievable on the site’s B soils and would produce an even more optimistic picture than the 
already successful Walnut Village hypothetical design.     
 
The authors observe that imposing a fixed EIA standard alone promotes the routing of runoff to 
vegetated systems but does not boost the companion strategy of pursuing more intensive design 
of active landscaping.  In so doing, the authors provide a valuable service in pointing out that a 
design basis must accompany the EIA limitation for real effectiveness.  An example of such a 
comprehensive standard is: 
 

Limit effective impervious area to 3 percent.  Impervious surfaces can qualify as 
“ineffective” only when the entire volume of runoff (based on the design storm) from 
those areas is captured onsite through infiltration, evapotranspiration, and/or harvesting 
for beneficial use.  In the rare circumstance in which onsite compliance is infeasible 
according to established criteria, the permittee or developer shall identify opportunities 
for off-site mitigation in the same sub-watershed that will achieve the overall goal of 
reducing effective impervious area to no more than the 3 percent design standard. 

 
60 California 
 
Like the Walnut Village case study, the authors’ presentation of the 60 California multi-use 
commercial/retail redevelopment project also tends in an overall manner to support my own 
analyses and conclusions regarding the practicability of meeting the 5% EIA standard.  This case 
study, too, demonstrates the technical feasibility of meeting a maximum 5 percent EIA standard, 
in this case by employing a green roof and water harvesting on a highly constrained site.  Once 
again, though, the authors put forth some negative interpretations that are, in my opinion, 
unjustified. 
 
One such claim is that green roofs and cisterns are generally beyond the level of BMP 
implementation in common practice in the United States nowadays.  In fact, both practices are no 
longer at all unusual.  Without attempting any comprehensive literature review of applications, I 
would note that Chicago has numerous green roofs in place, most prominently on its city hall 
(http://www.artic.edu/webspaces/greeninitiatives/greenroofs/main_map.htm).  In Seattle, green 
roofs top a growing number of public and private buildings 
(http://www.seattle.gov/DPD/GreenBuilding/OurProgram/Resources/TechnicalBriefs/DPDS_00
9485.asp#case).  Seattle’s city hall also harvests rain for graywater supply and irrigation, as does 
the county administration building and a neighborhood environmental education center 
(http://www.harvesth2o.com/seattle.shtml).  The Texas Water Development Board (2005) 
prepared an excellent, practical manual on water harvesting at all scales, complete with examples 
in place and design calculations.  The manual covers the entire state of Texas, whose western 
areas have rainfall conditions very much like southern California’s.  Hence, little adaptation is 
needed to use the manual’s recommendations here. 
 
The report also claims that the suitability of green roofs for southern California is not well 
understood and that, “during the rainiest times of the year in southern California, the potential 
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evapotranspiration is the lowest, meaning that the ability to regenerate storage capacity between 
storms is low.”  It is true that the potential is lowest during the wettest season, but, given the 
frequent sun and relative warmth during dry intervals in the southern California winter, the 
regenerative ability is still not “low.”  Berghage et al. (2007) performed green roof research at 
Pennsylvania State University (PSU).  They found that over 50 percent of annual stormwater 
volume was retained and not discharged, even with as little as 20 mm (under 1 inch) of storage 
capacity, and the site reduced peak discharge rates to no more than the pre-development level for 
the 2-, 25-, and 100-year frequency events.  PSU is located in Centre County, PA, where 
precipitation is not highly seasonal but tends to be slightly greater in the summer, compared to 
other months.  Pan evaporation rates there range from 3.3 to 4.2 inches/month during June-
September (http://www.pa.nrcs.usda.gov/technical/Engineering/PaRainEvapRunoff.pdf).  The 
November-February Los Angeles pan evaporation range is 3.5 to 4.0 inches 
(http://www.calclim.dri.edu/ccda/comparative/avgpan.html).  Therefore, Los Angeles has as 
much evaporation potential in the months when it most needs that potential as locations with 
successful green roofs elsewhere.  Similar research should be performed in California, but 
enough encouraging evidence exists to begin establishing full-scale projects, which can be 
monitored to confirm performance and refine design guidance for the region. 
 
A final negative point made by the report is that green roofs and water harvesting may conflict 
with existing building and health codes.  Codes should not be regarded as an unbending 
constraint on moving to new, more environmentally beneficial technologies.  As experience in 
the growing number of applications of both practices shows, building safety and health are not 
being compromised.  If constraints do exist in a jurisdiction’s codes, they should be examined to 
assess their justification and revised if no overriding reasons exist to maintain them.   Indeed, it 
is my understanding that municipal separate storm sewer permits often if not always require that 
local codes be amended to support implementation of programs and approaches to reduce 
stormwater pollution. 
  
Redevelopment of Kmart Site 
 
The Kmart site redevelopment case study was based on the use of vegetated filter strips and 
infiltration trenches.  Its primary purpose was to estimate costs for these practices by apparently 
taking a challenging site with relatively poor soils.  As an initial manner, the decision to evaluate 
only one site to reach a conclusion about costs of LID practices is suspect.  This is particularly 
the case when, as here, the report’s conclusions tend to contradict mainstream evaluations of the 
cost of implementing LID.  Such studies, including an analysis of several projects by the U.S. 
Environmental Protection Agency, report significant cost savings compared to traditional water 
quality approaches across the vast majority of building sites. 
 
More specifically, there are several flaws in the foundation of this case study.  The authors 
developed estimates of runoff volume in pre-development and post-development conditions by 
using the Natural Resources Conservation Service’s Curve Number Method, which is well-
known to overestimate the pre-development hydrologic characteristics and thus set the wrong 
targets for post-construction designs.  The site has hydrologic group C soils.  The authors 
performed calculations assuming an infiltration rate of 0.5 inch/hour, higher than the rate used 
for B soils in the Walnut Village case study (an unexplained discrepancy).  There appears to 
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have been no consideration of organically amending soils to increase water storage and improve 
infiltration.  Soil amendment for these purposes is a very common LID practice, especially in 
group C soils.  The authors appear to have given some thought to other LID practices (tree 
boxes, bioretention, pervious pavement, green roofs, and water harvesting) but rejected all of 
them for unexplained reasons.  Failure to use a broader pallet of alternatives and soil amendment 
indicates that the case study may not have been based on the most technically effective and/or 
cost-effective choices. 
 
This case study fails to convincingly meet its objective of demonstrating what the LID designs 
would cost, in large part because the authors give no detail whatsoever regarding how the cost 
figures were derived.  The per-acre and percentage-of-redevelopment costs are simply not 
credible unless their derivation can be traced and confirmed.  The cost analysis also suffers from 
the general criticisms stated above regarding costs: it implicitly assigns all landscaping costs to 
the filter strips, although these areas would be landscaped anyway at roughly the same cost; the 
analysis further fails to recognize that stormwater runoff must be conveyed and managed in some 
way, and those obligations carry costs, which are probably higher if performed conventionally 
through the use of large quantities of piping and concrete.  With these shortcomings in analysis, 
it is assuredly not justified to say, as the case study conclusions do, that, “[i]t is clear from the 
Kmart case study cost estimates that the proposed draft permit requirements would significantly 
increase the drainage costs of urban redevelopment projects.”  And although more difficult to 
monetize, environmental benefits—and their economic value to society—are entirely neglected 
in this case study, as in the others.  
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